We have analysed the early LHC signatures of the minimal supergravity (mSUGRA) model. Our emphasis is on the 7 -T eV run corresponding to an integrated luminosity of ∼ 1.0 f b −1 although we have also discussed briefly the prospects at LHC-10 T eV . We focus on the parameter space yielding relatively light squark and gluinos consistent with the darkmatter relic density data and the LEP bounds on the lightest Higgs scalar mass.
Introduction
The attention of the high energy physics community has been focussed on the prospects of new physics search at the CERN Large Hadron Collider (LHC) [1] . It is gratifying to note that the proton -proton collisions with stable beams is now operational at an energy ( √ s = 7 T eV ) never attained by any accelerator before. It was of course expected that before operating at the maximum attainable energy of √ s = 14 T eV , the warming up exercises will begin with low energy and low luminosity runs. However, due to the unfortunate accident which delayed the programme for about a year, the LHC operations has taken some unexpected twists and turns. For example, until a couple of months ago it was planned that a substantial amount of data will be delivered at √ s = 10 T eV and several analyses on new physics research have been published [2] . However, a very recent revised decision has opted for data taking for the next 18 -24 months at √ s = 7 T eV the anticipated integrated luminosity being of the order of 1 f b −1 . In some very recent analyses [3] supersymmetry (SUSY) searches at √ s = 7 T eV have also been performed. Although this is a temporary set back for the new physics search programme, it is worthwhile to check what can be achieved at √ s = 7
T eV . In this paper we concentrate on SUSY [4] search within the framework of the simplest gravity mediated supersymmetry breaking model -the minimal supergravity [5] (mSUGRA) model -with the parameter space constrained by the dark matter relic density data [6] .
In the mSUGRA model there are only five free parameters [5] namely a common scalar mass (m 0 ), a common gaugino mass (m 1/2 ), tanβ, A 0 and sign of µ. Here tanβ is the ratio of the vacuum expectation values of the two neutral Higgs bosons in the model, A 0 is the trilinear soft breaking term and µ is the higgisino mass parameter; the magnitude of µ is fixed by the radiative electroweak symmetry breaking (EWSB) condition [7] .
It is obvious that the strongly interacting squarks and gluinos are the species most likely to show up under the LHC microscope provided they are relatively light with masses just beyond the reach of Tevatron Run II or little more. We recall that the current lower limits [8] obtained by the CDF collaboration are 392 GeV for squark masses assuming squark and gluino masses to be approximately equal and 280 GeV for gluino masses with m q > ∼ 600 GeV , in the mSUGRA scenario with A 0 = 0, µ > 0 and tan β = 5. Similar limits from the D∅ collaboration [9] on the gluino mass are 379 GeV and 307 GeV respectively within the framework of mSUGRA.
The low m 0 -m 1/2 region of the parameter space yields light squarks and gluinos. This parameter space also predicts light sleptons which facilitates neutralino pair annihilation (or bulk annihilation) [10, 11] via slepton exchange leading to dark matter (DM) relic density consistent with data.
On the other hand a significant region of the above parameter space is strongly disfavoured by the lower bound on the lightest Higgs boson mass (m h > 114.5 GeV ) from Large Electron Positron (LEP) [12] . This leads to the belief that bulk annihilation cannot be an important relic density producing mechanism.
It has been pointed out [13] that the above conclusion is an artifact of the ad hoc assumption that the trilinear soft breaking parameter A 0 = 0, which has been invoked by most of the existing analyses [14] . On the other had for a reasonably large negative value of A 0 , which does not violate the charge colour breaking condition [15] , the LEP bound on m h can be satisfied with smaller values of m 0 and m1 2 which are excluded for A 0 = 0. In the presence of large negative A 0 , two interesting zones (referred to as I and II) of the parameter space consistent with both Wilkinson Microwave Anisotropy Probe (WMAP) [6] and LEP data [12] open up: I) In this zone with large negative A 0 bulk annihilation [11] is the dominant DM producing mechanism although LSP-τ coannihilation [16] has a significant presence. II) In this region in contrast to Region I, LSP-τ coannihilation dominates while bulk annihilation produces a moderate but non-negligible fraction of the relic density. Even if LSP-τ coannihilation is the only significant DM producing mechanism, it may occur for smaller values of m1 2 compared to the |A 0 | = 0 case. This allows lighter squarks and gluinos.
Several examples of the above two zones are contained in Figs. 1 -4 of [13] . In order to study the characteristic LHC signals corresponding to different relic density producing mechanism the representative points A (zone I) and B (zone II; see Table 1 reproduced from [13] ) are introduced. In order to compare with the signatures corresponding to the conventional parameter space with A 0 = 0, a third point C is also considered. This point corresponds to the minimal value of m 1/2 for m 0 = 120 GeV consistent with the WMAP data. The expected event characteristics at the LHC for different representative points will be summarized in section 2.
It was further shown in [13] that the lepton flavour (e, µ, τ ) content of the final states arising from squark-gluino events at the LHC, will be very different in the above cases.
Tagging of b-jets may further help to discriminate among scenarios. The observability of the these signals at the LHC ( √ s = 14 T eV ) has been illustrated [13, 17] by Pythia [18] based analyses. The τ -jet and b-jet tagging efficiencies reported by the CMS collaboration [19] were used (see Table IX of [17] ). However, the flavour tagging efficiencies at √ s = 7 T eV
are not yet known. Hence the flavour tagging can not be readily employed for assessing the physics potential of the low energy runs.
It is indeed gratifying to note that generic SUSY signals consisting of m-leptons + njets + E T without any flavour tagging also differ dramatically in the above three scenarios [17] (see Table IV ). The main purpose of this paper is to scrutinize different relic density producing mechanisms and check the feasibility of distinguishing among them by using these generic signals at LHC runs at energies lower than the maximum attainable one. It should be stressed that the parameter space studied in this paper and its physical significance in the context of SUSY dark matter is totally different from the other studies [3] .
At the focus of our attention is the physics at √ s = 7 T eV (section 3). However, the strategy for future runs at the LHC will depend on the performance of the experiments at 7 T eV . Another round of experiments at an energy lower than the maximum attainable energy is cannot not be ruled out as yet. We have, therefore, briefly discussed the signatures of the above scenarios at √ s = 10 T eV , the proposed energy for the preliminary runs until very recently (section 4).
Although we have focussed on the benchmark points A, B and C, we have also considered several other points consistent with the relic density data. These points belong to different regions of the parameter space yielding distinct sparticle spectra and collider signatures. The points A, B and C are chosen with tanβ = 10. In this analysis the allowed points at higher as well as lower values of tanβ have been considered to make the study more comprehensive (section 3). Using reasonable guesses about the efficiency, we have also considered the prospect of observing τ -jet tagged signals at the low energy runs at 7 -T eV . We have also taken this opportunity to improve some of our earlier background estimates in [13, 17] .
Other authors have also proposed schemes for testing the origin of dark matter production at the LHC [20] .
2 The allowed mSUGRA parameter space for non zero trilinear soft breaking terms
In [13] signals at the LHC corresponding to the WMAP allowed regions of the parameter space with non-zero A 0 were studied at 14 T eV . The results were compared and contrasted with the expectations from the well publicized conventional τ 1 -coannihilation [10, 16] scenario with A 0 = 0 by introducing three benchmark points A, B and C. The corresponding mSUGRA parameters are reproduced in Table 1 for ready reference. Table 1 : Three bench mark scenarios introduced in [13] . All parameters with dimension of mass are in GeV .
The sparticle spectra in the three scenarios can be found in Table II of [13] . The total cross section of squark gluino events decreases significantly as we go from A to C, which is easily understood from the respective sparticle spectra. In scenario A the lighter top squark-antisquark ( t 1 t * 1 ) pair production enhances the total cross section significantly. This is a direct consequence of large negative A 0 . This trend is also seen at 7 -T eV (see Table   2 ).
The signals at the LHC are governed by the cascade decays of the sparticles. In all three cases the gluinos being heavier than all squarks, decay into quark-squark pairs (Table III of [13] ). Decays into t − t 1 pairs dominate in scenarios A and B (Table IV of [13] ), as the third generation squarks are relatively light due to the renormalization group evolution and large
The squarks in general decay into the corresponding lighter quarks and an appropriate electroweak gaugino. The decay of each third generation squark inevitably contains a bottom (b) quark. This is the origin of the large fraction of final states with b-jets as noted in [13] .
In scenario C the fraction of third generation squarks in gluino decay is relatively small and the above effect is suppressed.
The decay properties of the lighter chargino ( χ ± 1 )and the second lightest neutralino ( χ 0 2 ) which, in addition to the LSP, are often present in squark-gluino decay chains control the lepton content of the final sates to a large extent. As a direct consequence of the presence of the light sleptons, these two unstable gauginos decay almost exclusively into leptonic channels via two body modes in all three scenarios. In scenario A the lighter chargino decays into R-type sleptons with a large BR This results in a very large fraction of final states containing the τ 1 which is always lighter than the other sleptons and eventually decays into a τ -LSP pair (see Table V of [13] and Table II of [17] ). The χ 0 2 decays primarily into τ -τ 1 pair contributing further to the τ dominance in the final states. The scenario B has all the above features albeit to a lesser extent. In scenario C the χ ± 1 decays into left slepton-neutrino pairs or sneutrino -lepton pairs of all generations with almost equal BR of sizable magnitudes and lepton universality holds to a very good approximation.
The Signals at the LHC at 7 T eV
In this analysis we have generated all squark-gluino events at E CM = 7 T eV using Pythia [18] . Initial and final state radiation, decay, hadronization, fragmentation and jet formation are implemented following the standard procedures in Pythia. The lowest order squarkgluino production cross-sections have been computed by CalcHEP [21] . The corresponding cross-sections for the scenarios A, B and C are presented in Table 2 .
We have used the toy calorimeter simulation (PYCELL) provided in Pythia with the following criteria:
• The calorimeter coverage is |η| < 4.5. The segmentation is given by ∆η × ∆φ = 0.09 × 0.09 which resembles a generic LHC detector.
• A cone algorithm with ∆ R= √ ∆η 2 + ∆φ 2 = 0.5 has been used for jet finding.
• E jet T,min = 30 GeV and jets are ordered in E T . Table 2 : The production cross sections of all squark-gluino events studied in this paper.
The stable leptons are selected according to the criterion :
• Leptons (l = e, µ) are selected with P T ≥ 20 GeV and |η| < 2.5. For lepton-jet isolation we require ∆R(l, j) > 0.5. For the sake of simplicity the detection efficiency of e and µ are assumed to be 100%.
The following cuts are implemented for background rejection :
• We have required two leading jets having P j 1 T > 100 GeV and P
• Events with missing transverse energy ( E T ) < 350 GeV are rejected. (CUT 2)
• Events with M ef f < 750 GeV are rejected, where
µ ). (CUT 3)
• Only events with jets having S T > 0.2, where S T is a standard function of the eigenvalues of the transverse sphericity tensor, are accepted. (CUT 4) These cuts are motivated by the analysis of generated squark-gluino events by CMS collaboration [22] although we have relaxed some of them in view of the reduced √ s. We begin with the generic SUSY signals of the type m-l + n-j + E T , where l = e or µ and j is any jet. For establishing these generic signals Cut 1 -Cut 4 are adequate. T (right) for 0l events (before the selection cuts) for the signal (scenario A) and the dominant backgrounds.
We have considered the backgrounds from tt, QCD events, W + n-jets and Z + n-jets events, where W and Z decays into all channels.
We have generated tt events using Pythia and the LO cross-section has been taken from CalcHEP which is 68 pb. For QCD processes generated by Pythia the contribution from thê p T bin 400 GeV <p T < 1000 GeV has been considered wherep T is defined in the rest frame of the parton parton collision. The cross-section for this bin is 227 pb. However, for other bins (25 GeV <p T < 400 GeV and 1000 GeV <p T < 2000 GeV ), the background events are negligible.
For W + n-jets events we have generated events with n = 0, 1 and 2 at the parton level using ALPGEN (v 2.13) [23] . We have generated these events subjected to the condition that P j T > 60 GeV . These partonic events have been fed to Pythia for parton showering, hadronozation, fragmentation and decays etc.
Similarly we have also generated Z + n-jets, events with n = 0, 1 and 2 using ALPGEN (v 2.13). The partonic jets have P T > 60 GeV and fed then to Pythia for further analysis.
In Fig. 1 we have presented the normalised distributions of E / T (left panel) and P j 1 T (right panel) for 0l events. The dominant backgrounds are from W + n-jets and Z + n-jets with n = 1 and 2. These distributions motivate CUT 1 and CUT 2.
For both the 1 gauge boson + n-jets backgrounds the contribution from n = 0 is negligible. The total background and the individual contribution of each channel to it are in Table   4 . We have computed the significance (
) for an integrated luminosity of 1 fb −1 where S is the number of signal events and B denotes the background events. For scenario A the significance for 0l and 1l are 13.8 and 2.8 respectively (from Tables 3 and 4 ). For scenario B (C) the corresponding numbers are 7.9 (0.51) and 2.19 (3.5 ×10 −4 ).
The sizable uncertainties in the counting rates at √ s = 14 T eV due to the choice of the parton density functions (PDF) and the QCD scale has already been discussed (see Table III of [17] ). It also follows from the same table that the ratio of two cross-sections with different m and n is remarkably stable with respect to the above uncertainties. Thus to identify a particularly relic density producing scenario unambiguously at least two measurements, for example the number of 0l and 1l events, are essential. However, the numbers in the last paragraph 3 indicate that the statistics for 1l events may not be adequate for L = 1 fb −1 .
With a luminosity of 2 fb
can be measured with some confidence in scenario A. On the other hand if no signal is seen even in the 0l channel, point A will be strongly disfavoured in spite of the uncertainties.
In order to make the scanning more comprehensive we have scanned several points around A chosen from Fig. 1a ) of [13] belonging to zone I defined in the introduction. For m 1/2 lower than that of A, the cross section of 0l events is huge. For example, with m 0 = 120, m 1/2 = 250, A 0 = −930 we find (
≈ 38 at L = 1 fb −1 . All mSUGRA mass parameters are in
GeV unless mentioned otherwise. Thus even the 7 -T eV run can probe bulk annihilation as a viable relic density producing mechanism for non-zero trilinear couplings or disfavour it.
Similarly a large number of points in zone II around point B were scanned and (
were obtained in most of the cases. However, a large part of zone II will remain unexplored at √ s = 7 T eV .
Although (
is less than 5 in scenarios A and B, larger values show up in several regions allowed by relic density data and LEP bound on m h . At these points with different values of tanβ = 5, 10 and 20 the cross sections (see Table 3 for illustrations) are significantly larger compared to A or B. As a result signal events of both 0l and 1l type are sizable at L = with the relic density constraint (see Fig. 3 of [13] with tanβ = 30). The allowed points yield observable 0l signal but 1l signal is difficult to observe. This is due to the fact that most of the final states arising from electroweak gaugino decays contain τ 's rather than e and/or µ. For example, with m 0 = 170, m 1/2 = 370, A 0 = −100, tanβ = 30 the (
for L of 1 fb −1 . However, the 1l signal is unobservable.
It bears recall that the number of final states with tagged τ -jets differs dramatically in the scenarios A, B and C [13, 17] . We, therefore, turn our attention to final states of the type 1τ + X, where X includes two or more hard jets but no e or µ or tagged τ .
In ref. [17] τ -jets with P τ −jet T > 30 GeV and |η| < 3.0 were shown to be taggable according to the efficiencies quoted by the CMS collaboration for different P T bins (see Fig. 12.9 of [19] ). For P T ≥ 130 GeV the tagging efficiency was as high as 0.90 while for softer jets the efficiencies were considerably smaller (e.g., 0.50 for 30 GeV ≤ P T ≤ 50 GeV ). However.
for 7 T eV runs such information is not available. As a reasonable guess we have assumed the overall τ -jet tagging efficiency to be 50% for P τ −jet T > 30 GeV and |η| < 3.0. The number of 1τ + X events for L = 1 fb −1 for signal A, B and C turn out to be 10, 5 and 0.12 respectively.
The other cuts are as stated above. The total number of background events from the sources in Table 4 is 6. The background from QCD arises due to mistagging of light jets. A mistagging probability of 3% has been assumed for jets with P T > 30 GeV . Considering this efficiency for scenario A the significance for 1τ + X becomes 4.1 for L = 1 fb −1 . For scenarios B and C the signal has poor significance. Thus if τ -jet tagging can be implemented more efficiently and/ or the accumulated luminosity is larger than L = 1 fb −1 , then 1τ + X events may provide another handle for discriminating different relic density producing scenarios.
In this paper we have worked with leading order(LO) cross section only. This is because the next to leading order (NLO) results for many of the backgrounds at 7 -T eV are not known. From [25] it is well known that the K factors for the signal events vary from 1.3 -1.4 for different signal processes at 14 -T eV . In the third paper of [3] the K-factor of squark-gluino production cross section was estimated to be approximately 1.3. Thus even if the NLO correction enhances the total background by a factor of two, the significances of the signals studied in this paper are not likely to change dramatically.
There are other mSUGRA scenarios consistent with relatively light squark gluinos, the observed dark matter relic density and the Higgs mass bound from LEP, which could be of interest for the low energy runs of the LHC. If one considers large tanβ ( > ∼ 45) the 'Higgs funnel' opens up [26] . Here a LSP pair annihilates into b −b through the A (the pseudo scalar Higgs) resonance to produce the observed relic density. Sometimes the H (the heavy scalar Higgs) resonance also contributes.
A part of the funnel region corresponds to light squarks and gluinos. The observability of this region for tanβ = 45 at LHC-7 T eV has been studied (see Fig. 2 of the third paper of [3] ). It follows that if one takes into account the uncertainties in the theoretical prediction of the Higgs mass (i.e., parameter spaces with 111 < m h < 114 GeV are considered to be allowed) a small domain of the parameter space consistent with WMAP data can be probed with 1 fb −1 of integrated luminosity.
A variation of the above theme is the "h-pole region", where the condition 2m χ 0 1 < ∼ m h is satisfied [27, 28] . Here χ 0 1 annihilates through the exchange of a nearly on-shell light CP even Higgs boson h. We present some example from [28] within the framework of mSUGRA.
Here large ranges of m 0 and A 0 are allowed but low m 1/2 is essential. This leads to strong upper bounds on m χ In all the above cases DM allowed regions are obtained for m 1/2 < 145 GeV . Unfortunately, as already noted in [28] , this resonance condition is satisfied if the physical mass of the top quark turns out to be on the higher side which was favoured by the then available data.
Such high m t are, however, disfavoured by the central value of the current data m t ≈ 173
GeV .
In the mSUGRA scenario the scalars and the gaugino masses are strictly universal at the GUT scale (M G ). These conditions severely restrict the mSUGRA parameter space consistent with the observed DM relic density. If departures from the strict universality are allowed [29] , new regions of the parameter space consistent with both the relic density data and light squark and gluinos open up and novel LHC signatures are predicted. Most of the above works are, however, in the context of LHC-14 T eV .
There are so many models for non-universality that we were forced to restrict ourselves, perhaps quite arbitrarily, to brief comments on two scenarios only. A dark matter allowed region can be obtained for relatively low values of M 3 (see the first paper of [29] ) due to nonuniversal gaugino masses at M G . For example, for m 0 = 300 GeV , M 1 = M 2 = 300 GeV , There is an economical way of introducing non-universality of squark masses at M G by introducing a single parameter -the SO(10) D-term (for reference to earlier works and novel signatures at Tevatron Run II see [30, 31] . Here a possible scenario is lighter down squarks of the R-type. These squarks along with a light gluino can indeed lead to novel signals at LHC -7 T eV .
We have deliberately refrained from imposing indirect constraints on the mSUGRA parameter space, since these constraints invariably involve additional theoretical assumptions.
The relaxation of such assumptions may drastically change the indirect constraints without affecting the collider signatures and the relic density calculation.
For example, the requirement that no charge colour breaking (CCB) breaking minima of the scalar potential be deeper than the EWSB vacuum (the unbounded from below (UFB)-3 constraint, the second paper of [15] ), puts lower bounds on sparticle masses [32] which are stronger than the direct bounds from LEP in the mSUGRA model. However, such constraints loose their relevance if the EWSB minimum is a false vacuum with a life time larger than the age of the universe [33] .
Similarly the BR(b → sγ) measured by the BABAR, BELLE and CLEO collaborations, is often used to constrain the underlying theory. However, the theoretical predictions have their share of uncertainties. The current data as quoted by the Heavy Flavour Averaging Group (HEFAG) is (3.52 ± 23 ± 9) × 10 −6 [34] . The improved SM prediction (NLO) [35] (3.15 ± 0.23) × 10 −4 ,though consistent with the data within errors, leaves ample room for a larger positive contribution from SUSY compared to the earlier estimates. This opens up the possibility of lighter sparticles in the mSUGRA model [36] . There are additional uncertainties as well. The assumption of minimal flavour violation, which is employed in theoretical computations, is not foolproof either. The relaxation of this assumption drastically weakens the constraints [37] . Even within the minimal flavour violation the inclusion of the CP violating phases leads to further uncertainties in the theoretical prediction (see, e.g., the second paper of [37] and references there in). It should be borne in mind that relaxation of the above assumptions will have very little or no impact on the direct collider signatures considered by us.
4 The Signals at the LHC at 10 T eV
In this section we briefly study the generic SUSY signals of the type m-l + n-j + E T . Our aim is to study the feasibility of discriminating among the three models in Table 1 , should the performance of the 7 -T eV run suggest yet another experiment at an energy less than the maximum attainable energy. To be specific we have considered a run at 10 T eV which until recently was the favoured option. The total lowest order squark-gluino production cross-sections have been computed by CalcHEP [21] and given in Table 5 . We have used the same selection criterion for jets and leptons as in [17] for LHC-14 T eV . For background rejection we have used the CMS cuts which are also used in [17] . Table 5 : The cross-sections (including efficiency) at Q = √ŝ for signal process with different m. Here SS refers to m = 2 with leptons carrying the same charge and OS refers to similar events with leptons carrying opposite charge.
In Table 5 we have shown a multi-channel analysis using signals with different choices of m (the number of leptons in the final state) which efficiently discriminate among different scenarios. We present in Table 6 the important standard model backgrounds in the leading order for Q = √ŝ . The tt and QCD backgrounds have been calculated in the same way as in [17] . For W + n-jets and Z + n-jets events we have generated events with n = 0, 1 Table 5 for L= 10 fb Table 8 corresponding to L= 10 fb −1 . and 2 at the parton level using ALPGEN (v 2.13) [23] . We have generated these events with P j T > 80 GeV . These partonic events have been fed to Pythia for parton showering, hadronozation, fragmentation and decays etc.
In Table 7 we have presented the significance (
), where S(B) is the total number of signal (background) events for integrated luminosity L of 10 fb −1 .
Although the squark-gluino production cross-section is rather tiny in scenario C the signal cross-sections predicted for m ≥ 2 is larger than the corresponding signals in A and B with much larger raw production cross-section. This again is a direct consequence of the large BRs of electroweak gaugino decays into e and µ.
From Table 7 it is clear that one way to unambiguously discriminate between A, B on the one hand and C on the other, is the count of 0l and 1l events and their ratio free from theoretical ambiguities. These signals are not visible in scenario C. In contrast the visibility of SS and OS signals in scenario C is much better. However, the observation of the almost background free signal for m = 3 is the best bet for establishing C since no statistically significant signal is expected from A or B in this case, although this may require
Obviously the number of final states involving τ leptons, a critical observable for discriminating among the models, cannot be established without invoking τ -jet tagging in the analysis. We, therefore, turn our attention to final states of the type 1τ + X where X includes two or more hard jets but no e or µ or tagged τ . Tagging of τ -jets are implemented as in [17] which followed the CMS analysis.
The computation of 1e + X type events are rather straight forward. Here for simplicity we have assumed the e-detection efficiency to be 100 %. In our generator level analysis the result for 1µ + X is expected to be the same to a good approximation and we do not present them separately. It should be borne in mind that in this case harder cuts on e has been implemented to exclude the electrons from the leptonic τ decays. The QCD background to 1τ + X events stems from mistagging of light flavour jets as τ -jets. The mistagging probability has also been taken from [19] Fig. 12 .9. Table 8 contains the 1τ + X and 1e + X signals. The dominant SM backgrounds have been listed in Table 9 .
The statistical significance of various signals for the representative value L of 10 fb −1 are listed in Table 10 . The 1τ + X signal, if unambiguously observed, will disfavour model C.
Conclusions
The mSUGRA parameter space with relatively low m 0 and m 1/2 corresponding to light squarks and gluinos is consistent with the WMAP data on DM relic density and the lower bound on the lightest Higgs scalar mass from LEP, provided the trilinear coupling A 0 has large to moderate negative values [13] . Scanning the parameter space by generating squarkgluino events with the event generator Pythia we find that the jets + E T signal is observable over a significant parameter space (see Tables 3 and 4 and the discussions in section 3) for an integrated luminosity of L = 1 fb −1 . In a smaller but non-trivial parameter space the 1-l + jets + E T signal is also observable. The probability of observing the latter increases if a little larger integrated luminosity L = (2 − 3) fb −1 is available. If both the signals are observable then the ratio of the number of events which is remarkably free from theoretical uncertainties may help distinguishing among different scenarios [17] . However, the parameter space with the conventional choice A 0 = 0 where LSP -τ 1 coannihilation is the only relic density generating mechanism does not yield any observable signal.
As already noted in [13] the 1τ + X signal, where X includes two or more hard jets but no e or µ or tagged τ is a very good discriminator for different mechanisms for relic density production. In the absence of any information about the τ -jet tagging efficiency at 7 -T eV from simulations by the experimentalists, we have assumed an overall efficiency of 50% for P τ −jet T > 30 GeV and |η| < 3.0. With this choice no observable signal emerge for L = 1 fb −1 .
However, if τ -jet tagging efficiency and/or L increases, then an additional handle for DM signatures at 7 -T eV will be available.
Since the performance of the 7 -T eV run may dictate yet another round of experiments at an energy less than the maximum attainable energy, we have considered the above signal at LHC-10 T eV . Here a full multichannel analysis of generic SUSY signals consisting of m-leptons + n-jets + E T without any flavour tagging can probe the parameter space in great details (see Tables 5 -7 ). Of course if efficient flavour tagging is available a more powerful discriminator of different relic density producing mechanisms will be in operation (see Tables 8 -10 ).
